Searching PAJ 



1/1 ^— ^ 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 1(M)97908 
(43)Date of publication of application : 14.04.1998 



(5 Dint CI. 



H01F 1/08 
C22C 19/07 
C22C 38/00 
H01F 1/053 



(21)Application number : 09-266144 
{22)Date of filing : 30.09. 1 997 



(71) Applicant : HITACHI METALS LTD 

(72) Inventor : ENDO MINORU 

TOKUNAGA MASAAKl 
KOGURE HIROSHI 



(54) SINTERED PERMANENT MAGNET WITH EXCELLENT HEAT STABILITY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To remarkably improve IHc and provide 
a sintered permanent magnet with highly excellent heat stability by 
providing a magnet wherein the major phase is formed of R2Fel4B 
type inter-metal compound, intrinsic coersive force (IHc) increases 
and Curie temperature (To) slightly reduces by Ga content, and the 
contained Ga forms a liquid phase with a rare earth rich phase 
which surrounds the major phase in sintering. 
SOLUTION: A magnet is expressed by the following formula R by 
atomic ratio; R(Fe1-x-y-z-uCoxByGazMu)A (R is a combination of 
at least one of Nd, Pr, Ce and other rare earth elements, and M is a 
combination of at least one of Nb. W, V. Ta and Mo, 0<x<0.7, 0.02<y 
<0.3. 0<Z<0.15, 0<u<0.1. 4.0<A<7.5). the major phase is R2Fe14B 
type inter^metal compound, and intrinsic coersive force (IHc) is 
increased and Curie temperature (Tc) is reduced by Ga content. 
The Ga contained at sintering forms a liquid phase with a rare earth 
rich phase and the magnet is sintered. 
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m'^mu^m^'^^[^±o:>^^t Lxmm^nx\.^^, 

10 ^r-. R^lHc(Di^Ti)*^^f!b:^£^\ -^nii. Nd (F 
e. Co) 2XmiD^ix^^^^W^t:i^i^m^^'^^B^tL 

m:imt>ixmm\K:^m^\^x i hc ^i^T-r^tzi^^tn 

{Cj:oriNfiKt4<7)Nd (Fe, Co. A1)2T*^4^$ 
tv6 l^g ^ m^i ^ -ti- 6 r <^ J: o T il^^E ^ |g :± $ ii- I ^ 
l^^t)^TtPtbTt'^'5 (App I. Phys. Lett. 48(19). 1309(1 
986)). 
[0 0 0 4] 

OC o J: S F e (D—UWt^<Dm^ 

® A i . T i . V, N i ^^^^:^)P-r^^'^ 

N i ^m^xmt^mtnxh^tci^). ^mo-ymunm^s 

mM^&4 n I r (DjJgiT^^^L. (BH) max^Ttf 
'^m^Ti I r ^jST-rSo 

®c o <!: A 1 ^m^mm^^m^ 

\Z:i^i1r^0iUX(Om'^'^^^^^^^oMx.X. C o <^ A 1 

;^>12K0emS(c-rf'j^ctv\ 
[0 0 0 5] t^^oT.^^0.^Oa^]^(l. i1^B;0^R2 F e 14 

40 (IHc) tmi^x^^ =^ ^) (Tc) X)^teT-r6f^ 
mt^^±m'j ^y'^v^tti.^^mn^mj^x^xm^^th^ 

[0 0 0 6] 

fz.yihmma. l^T-tbT'^R (F ei-x-y-z-uC ox ByG 
azMu) A (r:i-eRJiNd, Pr, CQ^OM'k(D^± 
IItc^O 1 fl^/ct^ 2^a±f7,-)|l^^^-ti:. M(iNb, 
50 W, V. Ta. Mo(Oimi^fz^'t-2mU.±.0)Ui^^^ 



3 

0<x^0. 7. 0. 02^y^0. 3, 0<z^ 
0. 15, O^u^O. 1, 4. 0^A^7. 5) T'^ 

o:>^^ic^^m^^mti (I He) 

(Tc) fjmT-r^oim^^L. m,^mmi,^:^si^x^m 

ts ^?FM L ^ nr ^ r <b ^#f|S[ ^ -r ^ m^^i^o:> 

0<x<0. 7, 0. 02^y^0. 3. 0, 00 
l^z^O. 15. O^u^O. 1, 4. 0^A^7. 
5 <!r'r5 i:;^s|R^^^t±(7).'^.;0^ib J: i^^jf* Li\ ^tz. 
0<x< 0. 3 9, 0. 0 3 ^yS0. 2. 0. 002 
^z^O. 1. 0. 002^ u SO. 04. 4. 5SA 

V\ R/j^NdT'u = 0iD:^^, 0<xSO. 3 

9, 0. 03SyS0, 2. 0. 0 0 2SzS0. 1, 
4. 5 S AS 7 ,Jr-1-5::<^75sm$?^^fl!l^^t*^#S^::i^> 

[ 0 0 0 7 ] #±li^^R(iN d , Pr, C e ^CO{tli(7:) 
^±^7C^-e*>oT. ttlCNd LTP r , Ce 

-r— i^^^o. Ho, T b7^cf^'C7)g^^±^5c 

mx.^t4n I r/jHSTL. N d C^—^^C e 

3%^mxn I H c \^±^j}^-rf^t^^m^'mm^^j:< . 5 

4o%^m^^mmt4 K i r ^{jsT-ra/c^^^^^L 

[0 0 0 8] :^mm{^^i^r. m^B(D^^my^'^o.o2 
mmtdt T c :^m< ^ . f)--D-Y':i^fmm-j-)m%ht\^^^ 

l\ M-^. y ;i50.3^^;i6^ 4 7c I s^JS^gj-prL. 

~0.3T'^'9. J:«9$?*L<li0.03'-0.2. S-b^^^LK 
(iO. 04—0. 15T'fc5o 
lO 0 0 9] :$:^P;1^C:Jo^/^T. G a (^)?fe;?;Pti I H c 

±t@ (^MFp1^b^#5N d2 F e 14 B^o ) ^ffiii^lffitpR 

G a z rJ:l^^lF/^^A^^t?fe^^f^i-5/c^:)(::o < 

z so. 15<^i-^0//>J:< , 0.001s z SO. 15<bi-'5t?)/j^ 
J: D^T* L< , 0,002s z SO. 10<bi-6co;OS^^{c$^* 
L<. 0. 005S z SO.OSir-r^c: cL';^»^^{c^7-^ G 

lO 0 1 01 :2(i:^nj^(c:j-6t^r, O o {-X'^^mx* ^ ^ ^ Tc 
Ksi_b^;j^|i/J^*)^fc^/)G a tm^WM-t^Z.tkzX-:>Xm 



(3) 1#r?^^l 0 - 9 7 9 0 8 

4 

(O^^mt^^O. l^m^^ tm^(D4 Kir, I H c 
TUTi?^ U< /^V^ I H c ^ 4 TC I r *>cJ:U^T c (7)^ 
^T^jrfe^lKtT^fcitxOC o (O^?^ LV^±PSfiO. 39Xh ^ , ft 
t>$T^ L< fiO. 25Tfe5o 

[001 1 ] ^^Mtc^m : n b , W, 

V, Ta, Mo ^'^^sn(0'&±itP5±(ofzi5bi<cm^m-r^ 

,Nb(Dmi}m4 K i r ^m^i&T-t^tK Ga{^t^4 

(^<^or#^(c^^/^x;iST'fe6o IF>-^itT'^R (F e 

1- x-y-2-u C Ox ByG azMu) A ( ^ R fi^±S7c;^ 

V, Ta, MoC7:>1ffi^/cJ±2Ml^±COm^'^t>ii-. 0 
<xS0. 7, 0. O2SyS0. 3, 0<zSO. 1 
5. OSuSO. 1, 4. 0SAS7. 5) T'^^H. 

M;^^' N b Tfe ^9 ^^ft u ;^50. 001 t^^O ^ I H c c7) 

20 M::^. 0. l^^X.5^#fi4 ;r I r ^ T c (7)^?^ 

L< /.ev^M<P'^iS5^i-6o N b «9 Lv^«SIS^iO. 

002- 0. 04T'fc5o w<7))^^jD^^^:^t^^^L< r^_b-^ 

uT'^^tt6W<7:)fi;0^O. I^^^^ir^ti. 4 71 I 
s*5c}:t>'l Hc;6S^L<j£Ti-6p -eUT. 0.001?tc?^| 

* LI/ (10.002— 0.04 T'$? 60 V, Ta, MoCO^^. 
^jat>^^J-efc'9 . u;?i50.001^«<7?^#{cf;i-i-5^?:c I H 

o\p\ij^^m^hk\^-f. 0. i^^x.^ ^ ^^^^l4 71 I s 

/jS*L<i^^>-f J: »3^?*LV>«ilS(10.002— 0.04T' 

[0 0 12] 3^^P^^-*5^/^r. A^S4^®(7)i:#(t4 7t 

I s:6HS<. 7.5>^^x.5 <^ #tlF e i: C o y ^y^/^l^a 

y.ST'fci?. i:'9^i?^L<ti4.5-7. g:^*^*U<f«.0 
[0 0 13] 

[0014] (HJ^^Jl) Nd (F eo. 70 C 00. 2 B 
0. 0 7 Mo. 03) 6. 5 (fztiL. M=B, A I , Si, P, 
Ti, V, Cr, Mn, Cu, Ga, Ge, Zr, N 

b, Mo, Ag. In, Sb. W(Dl^-rti:^^im) 6 
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(57)Abstract: 



'PROBLEM TO BE SOLVED: To remarl^ably improve IHc and provide a sintered 



permanent magnet with highly excellent heat stability by providing a magnet 
wherein the major phase is formed of R2Fe14B type inter-metal compound, 
intrinsic coersive force (IHc) increases and Curie temperature (Tc) slightly 
reduces by Ga content, and the contained Ga forms a liquid phase with a rare 
earth rich phase which surrounds the major phase in sintering. 
SOLUTION: A magnet is expressed by the following formula R by atomic ratio; 
R(Fe1-x-y-z-uCoxByGazlVlu)A (R is a combination of at least one of Nd, Pr, Ce 
and other rare earth elements, and M is a combination of at least one of Nb, W, 
V, Ta and Mo, 0<x<0.7, 0.02^y^0.3, 0<Z<0.15, 0<u<0.1, 4.0^A<7.5), the major 
phase is R2Fe14B type inter-metal compound, and intrinsic coersive force (IHc) 
is increased and Curie temperature (Tc) is reduced by Ga content. The Ga 
contained at sintering forms a liquid phase with a rare earth rich phase and the 
magnet is sintered. 
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CLAIMS 



[Claim(s)] 

[Claim 1] an atomic ratio - formula R(Fel-x-y-z-uCoxByGazMu) A (here - R - 
one sort or two sorts or more of combination of the rare earth elements of Nd, Pr, 
and Ce and others -) M One sort or two sorts or more of combination of Nb, W, 
V. Ta, and Mo, It is expressed with 0< x<=0.7, 0.02<=y<=0.3, 0< z<=0.15, 
0<=u<=0.1, and 4.0<=A<=7.5. The main phase is an R2Fe14B mold intermetallic 
compound, and it has the operation to which proper coercive force (I He) 
increases by content of Ga, and the Curie point (To) falls. The good sintering 
mold permanent magnet of the thermal stability characterized by Ga contained in 
a sintering process forming the liquid phase with a rare earth rich phase, and 
coming to be sintered. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the operation to which the main phase 
is an R2Fe14B mold intermetallic compound, proper coercive force (IHc) 
increases by content of Ga, and the Curie point (Tc) falls, by Ga to contain 
forming the liquid phase with R rich phase, and coming to sinter it in a sintering 
process, raises IHc remarkably and relates to the sintering mold permanent 
magnet which gave very good thermal stability. 
[0002] 

[Description of the Prior Art] Development is progressing as a new presentation 
system from which magnetic properties with a R-Fe-B system permanent magnet 
ingredient more expensive than a R-Co system permanent magnet ingredient are 
acquired, and much invention is proposed. For example, as for Nd(Fe 
0.9180.09)5.67], maximum magnetic energy (product BH) max has acquired the 
magnetic properties to which 35MGOe(s) and the proper coercive force IHc 
reach lOKOe(s) by the Nd15Fe77B8[empirical formula display (J. 
Appl.Phys.55(6) 2083 (1984) reference.). 

However, the R-Fe-B system permanent magnet proposed in early stages of 
development has low therefore the fault [ Curie point / (Tc) ] that thermal stability 
is bad. Namely, with the R-Fe-B system permanent magnet ingredient proposed 
in early stages of development to having about 800-degree C Tc in the 



permanent magnet of the conventional R-Co system, To is usually about 300 
degrees C, and it Is very as the lowest as about 370 degrees C (refer to JP,59- 
46008,A)- Therefore, thermal stability was inadequate and there was a difficulty 
in use under the environment where ambient temperature is high. Two of 
enabling it to bear even if there is a demagnetized part in an elevated 
temperature as a means to solve it, raising direct Tc and by making sufficiently 
high proper coercive force (IHc) In a room temperature are known. 
[0003] The attempt which raises Tc by permuting a part of Fe by Co as the 
former was made. Consequently, the effectiveness that also until would raise it at 
800 degrees C above 400 degrees C if magnetic properties are sacrificed for Tc 
was accepted (refer to JP,59-64733,A). As the latter, addition of aluminum, Ti, V, 
Cr, Mn, Zn, Hf, Nb, Ta, Mo, genmanium, Sb, Sn, Bi, nickel, etc. has been 
performed, aluminum Is confirmed to the Improvement in IHc especially (refer to 
JP,59-89401 ,A and a No. 77960 [ 60 to ] official report), a part of Nd by heavy- 
rare-earth element still like Tb, Dy, and Ho ~ it is proposed In order to Improve 
IHc, holding a maximum energy product [(BH) max] with a high permutation, and 
that whose IHc is 9K0e extent at the time of (BH) max of about 30 MGOe(s) 
Increases to 12-18KOe (refer to JP,60-32306,A and a No. 34005 [ 60 to ] official 
report). In addition, compound addition of Co and aluminum is proposed as a 
means of the Improvement In thermal stability. That is, although Tc will Improve if 
a part of Fe is permuted by Co, the fall of the opposite side IHc cannot be denied. 
It is considered for a sludge with the magnetism expressed with Nd(Fe, Co) 2 
appearing in the grain boundary, and a reverse magnetic domain's occurring, and 
falling IHc. Then, the attempt which does not generate a reverse magnetic 
domain is also performed by making the phase expressed with nonmagnetic 
Nd(Fe, Co, aluminum) 2 to Co by carrying out compound addition of the 
aluminum appear (Appl. Phys.Lett.48(19), 1309 (1986)). 
[0004] 

[Problem(s) to be Solved by the Invention] However, there is a trouble described 
below in the above-mentioned conventional technique. 



** In order [ of Fe by Co ] to reduce a crystal magnetic anisotropy in part in the 
case of a permutation, fall I He. Moreover, there are cost quantity and supply 
anxiety from a raw material side. 

** Except for nickel, when adding Ai, Ti, V, nickel, etc., since it is a non-magnetic 
material, a lot of addition invites the fall of residual magnetic flux density 4pilr, 
and lowers (BH) max. Although nickel is also a ferromagnetic ingredient, since 
the magnetic moment is small, 4pilr is fallen after all. 
** When adding a heavy-rare-earth element, since it is very expensive, it is 
accompanied by the remarkable rise of cost. In addition to resource-scarcity, it is 
because there are few applications other than a permanent magnet. 
** When carrying out compound addition of Co and the aluminum, addition of 
aluminum is inferior to the thermal stability in the elevated temperature in 100 
degrees C or more in order to reduce Tc remarkably, in addition, I He of the R-Fe- 
B system magnet which carried out compound addition of Co and the aluminum - 
- at most - it is only 12K0e extent. 

[0005] Therefore, the technical problem of this invention is offering the sintering 
mold permanent magnet which raised I He remarkably and gave very good 
thermal stability by forming the liquid phase and being sintered with the rare 
earth rich phase in which the main phase is an R2Fe14B mold intermetallic 
compound, and Ga which has the operation to which proper coercive force (I He) 
increases by content of Ga, and Curie temperature (Tc) falls, and is contained 
encloses the main phase at the time of sintering. 
[0006] 

[Means for Solving the Problem] this invention which solved the above- 
mentioned conventional technical problem - an atomic ratio - formula R(Fe1-x- 
y-z-uCoxByGazMu) A (here ~ R - one sort or two sorts or more of combination 
of the rare earth elements of Nd, Pr, and Ce and others ~) M One sort or two 
sorts or more of combination of Nb, W, V, Ta, and Mo, It is expressed with 0< 
x<=0.7, 0.02<=y<=0.3, 0< z<=0.15, 0<=u<=0.1, and 4.0<=A<=7.5. The main 
phase is an R2Fe14B mold intermetallic compound, and it has the operation to 



which proper coercive force (I He) increases by content of Ga, and the Curie point 
(Tc) falls. Ga contained in a sintering process is the good sintering mold 
permanent magnet of the thermal stability characterized by forming the liquid 
phase with the rare earth rich phase which encloses the main phase, and coming 
to be sintered. In the above and this invention magnet, it is more desirable from 
the point of thermal stability to be refenred to as 0< x<=0.7, 0.02<=y<=0.3, 
0.001 <=z<=0. 15, 0<=u<=0.1, and 4.0<=A<=7.5. Moreover, it is desirable 
especially from the point of improvement in thermal stability to be referred to as 
0< x<=0.39, 0.03<=y<=0.2, 0.002<=z<=0.1, 0.002<=u<=0.04, and 4.5<=A<=7. 
Moreover, it is desirable in order that it may obtain good thermal stability that R 
sets to 0< x<=0.39, 0.03<=y<=0.2, 0.002<=z<=0.1, and 4.5<=A<=7 by Nd in the 
case of u= 0. 

[0007] Rare earth elements R are the rare earth elements of Nd, Pr, and Ce and 
others, and a light-rare-earth element like Pr and Ce or a heavy-rare-earth 
element like Dy can permute them in part by making especially Nd into a subject. 
In addition, heavy-rare-earth elements, such as Ho and Tb, can also be used. If it 
exceeds 98% at the rate of an atomic ratio in permuting a part of Nd by Pr, in 
4pilr's falling and permuting a part of Nd by Ce, if 30% is exceeded at the rate of 
an atomic ratio, 4pilr will fall. In permuting a part of Nd by Dy, at less than 3%, 
there is no improvement effectiveness in IHc, i.e., thermal stability, at the rate of 
an atomic ratio, there is most desirable effectiveness by 25% or less of 
permutation 5% or more, but the permutation exceeding 40% is not desirable in 
order it to fall 4pilr. 

[0008] In this invention, if the content y of Boron B is less than 0.02, Tc will 
become low and sufficient coercive force will not be acquired. On the other hand, 
if y exceeds 0.3, 4pils will fall, and the phase which has a bad influence on 
magnetic properties appears, therefore, y - 0.02-0.3 ~ it is - more ~ desirable -- 

0.03 to 0.2 ~ it is 0.04-0.15 most preferably. 

[0009] In this invention, addition of Ga has effectiveness remarkable in the 
improvement in IHc. It is thought that relation has this effectiveness closely with 



R rich phase which encloses the main phases (intermetallic-compound 
Nd2Fe14B etc.) of a R-Fe-B system magnet. In order to secure good thermal 
stability, the content z of Ga is good to be referred to as 0< z<=0.15, it is more 
desirable to be referred to as 0.001 <=z<=0. 15, and especially the thing set to 
0.005<=z<=0.05 is [ it is still more desirable to be referred to as 0.002<=z<=0.10, 
and ] desirable [ the content ]. It presents a remarkable reduction of Tc as 
saturation magnetization 4pils and is not desirable if the content z of Ga exceeds 
0.15. 

[0010] In this invention, Co is indispensable, and since there is the improvement 
effectiveness in Tc, effectiveness is in the improvement which it was at the time 
of thermal stability by carrying out compound addition with Ga. if the content of 
Co shown by x exceeds 0.7 - magnetic 4pi - Ir and I He fall and are not desirable. 
It reaches 4pilr with IHc, and the desirable upper limit of Co for good balance of 
Tc is 0.39, and is 0.25 most preferably. 

[0011] To this invention magnet, alloying element M:Nb, and W, V, Ta and Mo 
can be added for big and rough-ized prevention of crystal grain. Especially, the 
effectiveness of Nb and W is most excellent. Although addition of Nb falls 4pilr a 
little, Ga does not reduce 4pilr. Moreover, since Nb has effectiveness also in 
corrosion-resistant improvement, it is a very effective element for the high 
heatproof permanent magnet comparatively exposed to an elevated temperature, 
an atomic ratio - formula R(Fel-x-y-z-uCoxByGazMu) A (here - R - one sort or 
two sorts or more of combination of rare earth elements -) M One sort or two 
sorts or more of combination of Nb, W, V, Ta, and Mo, It is expressed with 0< 
x<=0.7, 0.02<=y<=0.3, 0< z<=0.15, 0<=u<=0.1, and 4.0<=A<=7.5, M is Nb, when 
a content u is less than 0.001 , sufficient improvement effectiveness of IHc is not 
acquired, and sufficient corrosion resistance is not shown. On the other hand, 
when exceeding 0.1 , reduction which is not desirable as for Tc is invited as 4pilr. 
The more desirable range of Nb is 0.002-0.04. Addition of W also improves 
thermal stability remarkably. When the amount of W shown by u exceeds 0.1, it 
reaches 4pils and IHc falls remarkably. And sufficient improvement effectiveness 



of IHc is not acquired at the time less than of 0.001. More desirable range is 
0.002-0.04. Addition of V, Ta, and Mo is also effective, when u is less than 0.001, 
sufficient improvement effectiveness in IHc is not acquired, but when exceeding 
0.1, 4pils decreases remarkably. More desirable range is 0.002-0.04. 
[0012] the time of 4pils being low and exceeding 7.5 in this invention, when A is 
less than four ~ Fe and Co ~ a rich phase appears and coercive force is reduced 
remarkably, therefore, A ~ 4-7.5 ~ it is ~ more ~ desirable ~ 4.5-7 - it is 5.0-6.8 
most preferably. 
[0013] 

[Embodiment of the Invention] Hereafter, an example explains this invention. 
[0014] (Example 1) Nd (Fe0.70Co0.2B0.07M0.03)6.5 (however, M=B, any one 
sort of aluminum, Si, P, Tl, V, Cr, Mn, Cu, Ga, gemianium, Zr, Nb, Mo, Ag, In, Sb, 
and the W) ~ the alloy of a presentation was produced by the arc dissolution. 
Coarse grinding of the obtained ingot was carried out by the stamp mill and the 
disc mill. It pulverized with the jet mill, using N2 gas as tumbling media, and 
pulverizing powder with a grinding grain size of 3.5 micrometers (FSSS) was 
obtained. Horizontal magnetic field shaping (the press direction and the direction 
of a magnetic field intersect perpendicularly) of the obtained raw material powder 
was carried out all over the magnetic field of 15K0e(s). 2t /of compacting 
pressure was [ cm ] 2. This Plastic solid was sintered in the vacuum for 1090 
degree-Cx 2 hours. At 500-900 degrees C, heat treatment was quenched, after 
carrying out heating maintenance for 1 hour. The obtained result is shown in 
Table 1. That to which IHc exceeds 10KOe(s) in 19 examined elements is only 
Ga. Thus, Ga is very effective in improvement in coercive force. In Table 1 , to 
Tc=468 degree C in the M=Ga addition belonging to this invention, it is Tc=477 
degree C of the thing of M=B addition, and it turns out that it has the operation to 
which Tc falls a little by content of Ga. 
[0015] 
[Table 1] 
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[0016] (Example 2) as Nd (Fe0.9-xCoxB0.07Ga0.03)5.8.(x=0-0.75) and the 
example of a comparison - Nd (Fe0.93-xCoxB0.07)5.8 (x=0-0.25) and 
Nd0.9Dy0.1 (Fe0.93-xCoxBG.07) 5.8 (x=0-0.25) - the alloy of a presentation - 
the same approach as an example 1 - coarse grinding - it pulverized, sintered 
and heat-treated. The obtained result is shown in Table 2, Table 3, and Table 4. 
These results show that the addition x of Co is suitable or less by 0.7. 
[0017] 
[Table 2] 
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[0018] 
[Table 3] 
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[0019] 
[Table 4] 
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[0020] Next, they are after heating maintenance and open for 30 minutes to 
predetermined temperature about a sample in case the amounts of Co(es) are 0 
and 0.2. Change of flux was measured and thermal stability was investigated. 
The sample used for measurement processes the configuration used as 
permeance coefficient Pc— 2. The obtained result is shown in drawing 1 and 
drawing 2. If Ga is added clearly, coercive force will be high and thermal stability 
will improve very much. 

[0021] (Example 3) Nd (Fe0.7Co0.2B0.08Ga0.02) - A (A=3.7-7.7) and Nd (Fe 
0.92B0.08) - A (A=5.6-6.6) - the alloy of a presentation - the same approach as 
an example 1 - coarse grinding - it pulverized, sintered and heat-treated. The 
obtained result is shown in Table 5 (a) and Table 5 (b). Or more in A= 6.2, by 
carrying out compound addition of Co and the Ga, A= 6.6 or more, high coercive 
force is acquired and, in the case of Nd-Fe-B the system of 3 yuan, a high 
property is acquired to most of IHc and (BH) max being zero. It became a cause 
that Nd rich phase committed as the liquid phase in a sintering process by 
oxidization of Nd or more in A= 6.2 decreases, and the Nd-Fe-B system of 3 
yuan has barred generating of coercive force. , On the other hand, in Co and Ga 
compound addition, it works as the liquid phase instead of being Nd to which Ga 



oxidized, and liigh coercive force is generated. 

[0022] 

[Table 5] 
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[0023] (Example 4) 5.5 (z=0-0.18) - by the same approach as an example 1, it 
was dissolved and ground, and was fabricated and the alloy was sintered 
(Fe0.86-zCo0.06B0.08GaZ). (Nd0.8Dy0.2) Furthermore, after heating 
maintenance of 900 degree-Cx 2 hours, after cooling to ordinary temperature by 
1.5 degrees C / min, aging treatment of 580 degree-Cx 1 hour was performed in 
Ar air current, and it cooled underwater. The acquired magnetic properties are 
shown in Table 6, and the irreversible demagnetizing factor by 220-degree-C 
heating is shown in Table 7. It turns out that IHc goes up sharply although 4pilr 
and (BH) max fall by addition of Ga, and thermal resistance is also improving. 
Since 4pilr will decrease notably if effectiveness is accepted by 0.001 and 0.15 is 
exceeded, it is more desirable to be referred to as 0.001 <=z<=0. 15, 0< z<=0.15 
is desirable, and especially the thing set to 0.005<=z<=0.05 is [ as for the 
addition z of Ga, it is still more desirable to be referred to as 0.002<=z<=0.10, 
and ] desirable [ the addition ]. 
[0024] 
[Table 6] 
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9400 
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8600 
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18.9 


0.15 
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7600 
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11.0 



[0025] 
[Table 7] 
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0.001 


9.3 


0.002 


7.5 
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5.1 


0.01 


2.7 


0.05 


1.9 


0.10 


0.3 


0.15 


0.1 


0.18 


0.1 



[0026] (Example 5) 5.5 (z=0-0.06) ~ by the same approach as an example 1 , It 
was dissolved, ground and fabricated, and was sintered and the alloy was heat- 
treated (Fe0.845-zCo0.06B0.08Nb0.015GaZ). (Nd0.9Dy0.1) The acquired 
magnetic properties are shown in Table 8, and the Irreversible demagnetizing 
factor by 220-degree-C heating is shown in Table 9. When there are few 
amounts of Dy permutations, it turns out that thermal stability improves by 
addition of Ga. Moreover, the addition of Ga is 0. When effectiveness is accepted 
by 001 and 0.15 is exceeded, it turns out that 4pilr decreases remarkably. 
Therefore, as for the addition z of Ga, It turns out that It is more desirable to be 
referred to as 0.001<=z<=0.15, 0< z<=0.15 is desirable, and especially the thing 
set to 0.005<=z<=0.05 is [ it is still more desirable to be referred to as 
0.002<=z<=0.10, and ] desirable. 



[0027] 
[Table 8] 

(Nd Py / ) ( Fe,.M,.,Co,.,« B«.,>Nb,..,, Ga , ) 



I 


47rlP (G) 


bHc (Oe ) 


iHc (Oe ) 


(BH)wx 
(MQ06 ) 


0 


11850 


11550 


15200 


34 J 


0.001 


11800 


15200 


16700 


33.8 


0.002 


11670 


11440 


17400 


32.4 


0.005 


11580 


11260 


18760 


32.0 


0.01 


11400 


11000 


19800 


31.8 


0.05 


10550 


10100 


> 28000 


26.9 


0.10 


10000 


9880 


> 28000 


25.2 


0.15 


8550 


8320 


> 28000 


22.4 


0.18 


7560 


7240 


> 28000 


20.8 



[0028] 
[Table 9] 



z 


2 20'GWm^?>^mmm(%, PC— 2) 


0 


38.1 


0.001 


34.4 


0.002 


32.6 


. 0.005 


29.7 


0.01 


20.3 


0.05 


0.7 


0.10 


0.6 


0.15 


0.6 


0.18 


0.5 



[0029] 

[Effect of the Invention] As mentioned above, as shown in the example As 
opposed to coercive force decreasing remarkably, since it is sintered after it 
became a cause that R rich phase committed as the liquid phase in a sintering 
process by oxidization of the rare earth elements R contained in the conventional 
R-Fe-B system sintered magnet decreases and content R minutes which is not 
oxidized [ effective ] have run short Since Ga contained so that lack of effective 
non-oxidized content R minutes may be compensated in a sintering process in 
this invention magnet exists as the liquid phase and sintering advances, very 
high IHc is discovered, it is conspicuous, and good heat stability can be acquired. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the irreversible demagnetizing factor to 
whenever [ stoving temperature / of Nd-Fe-B, Nd-Dy-Fe-B, and a Nd-Fe-B-Ga 
magnet ]. 

[Drawing 2] It is drawing showing the irreversible demagnetizing factor to 
whenever [ stoving temperature / of Nd-Fe-Co-B, Nd-Dy-Fe-Co-B, and a Nd-Fe- 
Co-B-Ga magnet ]. 
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2.**** shows the word which can not be translated. 
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DRAWINGS 



[Drawing 1] 




toftium (*c} 



[Drawing 2] 
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